Four edible oils and five oil-water ratios were heated to investigate the 13 effect of water on the particle emission characteristics of particles emitted from heated 14 cooking oil. PM 2.5 and particles ranging from 0.01-10 µm emitted during oil-water 15 heating were monitored via a DustTrak, a condensation particle counter and an 16 aerodynamic particle sizer. The results showed that the PM 2.5 levels and the particle 17 number concentrations of the series of corn or peanut oil-water emulsions could be up 18 to 6 and 50 times higher, respectively, than those of the series of soybean or canola 19 oil-water emulsions. All heated oil-water emulsions at an oil-water ratio of 6-1 20 generated higher total particle concentrations than those of other ratios. The 21 promoting factors (normalized by the corresponding oil volume to total volume) for 22 the concentration of ultrafine particles, PM 1 and PM 2.5 ranging from 1.20 to 3.32, 1.14 23 to 2.50 and 0.71 to 2.14, respectively. In addition, the ratio of ultrafine particles (10-24 100 nm) to total particles and the particle number mode and median diameters 25 changed with the oil-water ratio, but no obvious trend was observed. The regression 26 results showed that the impact of water on particle emissions is not statistically 27 significant. 28 29
summarizes previous studies of the past two decades regarding the generation 64 of cooking particles from different methods. These studies show that cooking particle The experiment was carried out in a fume hood with a constant flow rate of 360 m³/h. 128 The fume hood was composed of a canopy hood and a cuboid enclosure, as shown in Four edible oils (corn, canola, peanut and soybean) and five oil-water ratios 149 (V oil -V water = 1-0 (pure oil), 6-1, 2-1, 1-1 and 1-2) were chosen for measurements; the 150 fatty acid contents of these oils is provided in our previous work .
151
The oil-water ratio 1-1 and 6-1 was referred to the standard IEC (2011) and GB/T 152 17713 (2011), respectively. The oil-water mixture was made by an agitator, the 153 stability and repeatability of oil-water mixture is ensured by using a viscosimeter to 154 monitor the viscosity. The oil-water mixture was fed to the ejector nozzle via the 155 liquid peristaltic pump, and the liquid feed rate was 1.5 mL/min. The air compressor 156 was used to atomize the spray from the nozzle, and the flow rate was 3 L/min. The 157 ejector nozzle was fixed at 130 mm above the pan, so the droplets could uniformly 158 cover the heating surface. Each cases repeated 5 times. In this study, particle mass and number concentration measurements were collected 166 by implementation of three instruments in real time. A condensation particle counter 167 (CPC, AMG1500) was applied to obtain the number concentration and particle size 168 distribution in a nanometer size range from 13 to 550 nm over 96 channels. The 169 sampling flow rate was set to 6.0 L/min. The sample scan time was 5 min (Wallace et al., 2004) . A better understanding of the different particle emission characteristics 171 between oil types or oil-water ratios is still needed; since CPC only monitored the 172 particles with diameters between 0.013 and 0.550 µm, the TSI (St. Paul, MN, USA) 173 Model 3321 aerodynamic particle sizer (APS), which measures particle size 174 distribution and number concentration in the range from 0.542 µm to 20 µm over 50 175 channels, was utilized. Approximation of fine particle mass concentration (PM 2.5 ) was shows that the PM 2.5 concentration decreases with a reducing oil-water ratio for corn 206 oil and peanut oil. However, there is a marked increase in PM 2.5 concentration when 207 the oil-water ratio is 1-1, especially for corn oil and peanut oil. The reason might be 208 that the strong thermal cracking products were larger particles when the oil-water 209 ratio was 1-1. The PM 2.5 concentrations of the four types of oils were the smallest 210 when the oil-water ratio was 1-2. ). As depicted in Fig. 3 , the oil-water ratio had a significant effect on the particle 231 size distributions, especially for that of ultrafine particles (10-100 nm). The particle 232 number mode diameter was changed with different oil-water ratios for the four edible 233 oils, but the frequency did not change significantly with the oil-water ratios.
234
Single-modal distributions are observed in Fig. 3 for the corn, peanut and soybean oils 235 at different oil-water ratios. The particle number distribution frequency for canola oil 236 showed a peak location at particles < 0.013 nm. We also compared the particle size were also monitored by a CPC. Fig. 3b shows that the series of heated canola 245 oil-water mixtures generated a particle size distribution close to those of the steaming 246 and boiling methods (See and Balasubramanian, 2006) . A regression (Wallace et al., 2015) was also performed on oil-water ratio (Table 3) from the heating of different oil-water ratios at 260 °C. As shown in Fig. 5a , the effect 295 of oil type on the particle number mode diameter is more significant than that of the 296 oil-water ratio. The influence of oil-water ratio on particle number mode diameter is 297 less visible, it might due to the particle number mode diameter is more dependent on 298 the oil type. The particle number mode diameter for the series of corn oil-water 299 emulsions ranged from 59-87 nm, the particle number mode diameter for the series of 300 peanut oil-water emulsions ranged from 31-54 nm, the particle number mode 301 diameter for the series of canola oil-water emulsions ranged from 93-127 nm, and the As shown in Fig. 5b , the highest number median diameter (NMD) existed for pure 314 heated oil because the water was beneficial for producing larger diameter particles.
315
The particle number median diameter for the series of corn oil-water emulsions 316 ranged from 87-110 nm, the particle number median diameter for the series of peanut 317 oil-water emulsions ranged from 70-81 nm, the particle number median diameter for 318 the series of canola oil-water emulsions ranged from 94-106 nm, and the particle 319 number median diameter for the series of soybean oil-water emulsions ranged from 320 67-91 nm. Dv0.5) in Fig. 6 indicates that the mixture of oil and water produced a larger particle 336 diameter, especially for the oil-water ratio of 6:1. Two sharp increases in the 337 cumulative frequency are presented in the ranges of 0.01-1 µm (PM 1 ) and 5-10 µm.
338
The volume ratio of PM 1 to total particles ranged from 20%-60% for the four oil To further determine the influence of water on particle emission, the particle number where, i is the case of corresponding oil at different oil-water, C i is the 371 concentration of case i , 1 0 C − is the concentration of corresponding pure oil, oil ratio i − is the oil-ratio of corresponding oil at different oil-water (range from 0.33-373 0.86). And the results are presented in Fig. 8 . Fig. 8 shows that water increases the 374 particle number or mass concentration, especially for UFP. The promoting factor for 375 UFP ranges from 1.20 (canola oil-water at 1-2) to 3.32 (corn oil-water at 6-1). The 376 promoting factor for PM 1 ranges from 1.14 (canola oil-water at 1-2) to 2.50 (corn 377 oil-water at 6-1). The promoting factor of PM 2.5 ranges from 0.71 (peanut oil-water at 378 1-2) to 2.14 (soybean oil-water at 1-2). The promoting factor for PM 10 ranges from 379 1.13 (canola oil-water at 1-2) to 2.49 (corn oil-water at 6-1). Fig. 8 also shows that 380 water has the highest promoting factor for all oil types with an oil-water ratio of 6:1.
381
The reason might be that the small amount of water liquid may vaporize so rapidly then promotes the production of more particles (Li et al., 2017) . Besides, It is likely 385 that with the increasing amount of water, the lipid (oil and fat) oxidation rate initially 386 increases and then eventually decreases (Chan, 1987; Binks and Lumsdon, 2000) .
387
However, the regression results in Table 2 and Table 3 demonstrate that the effect of 388 water-oil ratio on the change of PM 2.5 and particles number concentrations is not 389 statistically significant (P > 0.05). A correlational analyses were further conducted 390 between different cooking oils at the same oil-water ratio (see Table 5 ). The averaged 391 correlation coefficient of particle emissions between different cooking oils at the same 392 oil-water ratio ranges from 0.89-0.98, shows a strong correlation. The results of this study indicate that the mixtures of corn oil or peanut oil and water 406 result in higher particle masses and number concentrations than those observed for the 407 other oils and oil-water mixtures. The mixtures of soybean oil or canola oil and water 408 have lower concentrations than those observed for the other oils and oil-water 409 mixtures. PM 2.5 and particle number concentrations of the mixtures of corn oil or 410 peanut oil and water could be up to 6 and 50 times higher, respectively, than those 411 observed for the series of soybean oil-or canola oil-water emulsions. This 412 information will help to inform the choice of edible oils to be used in real cooking 413 activities (oil-water based) to reduce the exposure to cooking fumes.
415
The regression results showed that the impact of water on particle emissions is not 416 statistically significant. At an oil-water ratio of 6-1, the heating of oil-water mixtures 417 generated a higher total number concentrations. Although water had no obvious effect 418 on the shape of the particle number distributions, the ratio of ultrafine particles (10-419 100 nm) to total particles and the particle number mode and median diameters 420 changed with the oil-water ratio, but no obvious trend was observed. The promoting 421 factor (normalized by the corresponding oil volume to total volume) for the number 422 concentrations of UFP and PM 1 and the mass concentrations of PM 2.5 ranged from 423 1.20 to 3.32, 1.14 to 2.50 and 0.71 to 2.14, respectively. 
